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Description 

The present invention relates in general to the 
measurement of the average aspect ratio of non-spher- 
ical, e.g. platelet-like, particles in a suspension and in 
particular, although not exclusively to the measurement 
of the aspect ratfo of kaolin particles in suspension in a 
fluid. 

Some industrial processers using particulate mate- 
rial may require that the particulate material has a cer- 
tain average particle aspect ratio so as to achieve a de- 
sired performance characteristic from the production 
process. For example, in a paper coating process using 
kaolin particles in aqueous suspension the surface fin- 
ish on the paper is determined by the average particle 
aspect ratio of the kaolin particles in the suspension. Dif- 
ferent average aspect ratkjs will produce different paper 
surtace finishes. If the paper manufacturer requires a 
smooth gk^ssy surface, the aspect ratio will be signifi- 
cantly different from that required to produce a matt, 
more ink-absorbent, surface. By the expression "aspect 
ratio" of a particle as used with reference to platelet-like 
particles, e.g. for paper processing, is meant "the diam- 
eter of a circle of area equivalent to that of the face of a 
particle relative to the mean thickness of that particle". 
This is illustrated in Figure 5 of the accompanying draw- 
ings. In this figure a kaolin particle P is shown with a 
superimposed circle having an area equivalent to that 
of the face of the particle. The diameter of that circle is 
d, the thickness of the particle is t and the aspect ratio 
of the particle is ^. 

A simple and inexpensive method of measuring the 
aspect ratio of kaolin particles during production would 
be extremely advantageous. In the past the aspect ra- 
tios of production samples of kaolin particles have been 
determined using electron-micrographs. Electron-mi- 
crographs are, however, both expensive and time con- 
suming to make. For example to carry out 1 0 such elec- 
tron-micrographs may take a day and a half using highly 
experienced and skilled staff at a present day cost of 
approximately £60 per electron-micrograph. 

For other processes a different aspect ratio may be 
under consideration from the aspect ratio mentioned 
above related to paper coating. For example, if the proc- 
ess uses particles of needle-like structure the aspect ra- 
tio could be the length of the particle divided by the av- 
erage diameter of the particle. A general definition of 
what is meant by the term "aspect ratio" in relatfcwi to a 
partKle could thus be given as being the ratb of the 
mean major to the mean minor dimension of the particle. 
What is the relevant mean major dimension and what is 
the relevant mean minor dimension may differ for the 
different type of particles, as indicated above. In the 
case of the kaol in particles, and tor examp le also for sim- 
ilar particles such as mica or talc, the major dimension 
is the diameter of the circle of equivalent area and the 
minor dimension is the thickness of the parttele. In the 
case of needle-like partteles the major dimension is the 
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length of the needle-like particle and the minor dimen- 
sion is the diameter of the needle-like particle. 

In the journal of Applied Physics volume 44, 12th 
December 1 973; New York USA pages 5599 - 5606, J. 

s W. Dellimore et al "Use of electrical conductance meas- 
urements in studies of the orientation of microscopic 
particles in stationary and flowing suspensions", there 
Is discussed that average particle orientation and shape 
may be assessed using electrtoal conductance meas- 

10 urements. However, this work is directed predominantly 
towards studying the orientation of particles in suspen- 
sk)n. For example, equation (6) gives the direction co- 
sine between the direction of the undisturbed applied 
field and the direction of the axis of symmetry of the 

IS spheroid particles. Valuesof shapefactorsf^ andf2must 
be supplied for this equation and it is recognised that 
the determination of these factors by an independent 
method is problematic. The solutkin proposed is to de- 
termine the shape factors by measuring the suspension 

20 resistance in three mutually orthogonal directions. The 
paper says little about relating the "shape factors" to the 
actual dimensions of the particles. An experiment is de- 
scribed in the second column of page 5602 to verify the 
relationship between suspension resistivity and particle 

25 orientation but no attempt is made to derive from this 
experiment a relationship by which the shape of a par- 
ticle or aspect ratio could be determined. The article also 
indicates that the theory they put forward is for non con- 
ducting spheroids although they do state that the results 

30 can be readily interpreted even when the particles are 
not perfect spheroids but approximately spheroidal. 

In PCT application WO-A-8805532 of the present 
applicant there is disclosed an arrangement for moni- 
toring the flocculation state of particles in a suspension 

35 using a conductivity measurement for measuring con- 
ductivity of a suspension of particles in the presence and 
absence of a field. The method and apparatus described 
relates to determination of the flocculation states of par- 
ticles in suspension. Assessment of aspect ratb or 

40 shape of the partk;les is not considered. 

The present Invention seeks to provide a method, 
of measuring or providing a comparative Indication of 
the average aspect ratio of non-spherteal partteles, 
which is simple and of adequate accuracy when com- 

45 pared, for example, with the above-menttoned electron- 
micrograph method. The absolute value of aspect ratb 
micrograph method. The absolute value of aspect ratb 
may not be measured or measurable but the arrange- 
ment may simply be used to provkle a comparative 

so measurement or for productbn of a control signal used 
in a production process. 

According to the present inventtan there Is provided 
a method of obtaining a measure of the average aspect 
ratio of non-sphercal particles comprising the steps of: 

55 

obtaining a fully-deflocculated suspensbn of the 
particles; 

taking a first conductivity measurement of the par- 
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ticle suspension with the particles having one form 
of orientation between points of measurement of 
the conductivity; 

taking a second conductivity measurement of the 
particle suspension with the particles having a form 
of orientation, different from said one form, between 
points of measurement of the conductivity; and 
using the difference in the two conductivity meas- 
urements as a measure of the average aspect ratio 
of the particles in suspension. 

To provide said one form of orientation and to pro- 
vide said different form of orientation it would be possi- 
ble to measure the conductivity between the same two 
points in each step and to change the orientation of the 
particles between the points in each of the conductivity 
measuring steps. 

In one step the particles could be orientated in a 
particular direction and in the other step the particles 
could be orientated in a transverse direction or alterna- 
tively allowed to take up random orientation under 
Brownian motion. 

Orientation could be effected by applying a field to 
the suspension. 

The same effect could be achieved by l<eeping the 
orientation of the particles in one direction but measur- 
ing conductivity between two pairs of points in trans- 
verse directions. 

The method seeks to provide a method of compar- 
ing the average aspect ratios of different samples of 
non-spherical particles for comparison of different sam- 
ples of the particles In suspension and which can pro- 
vide an indication of the suitability of the average aspect 
ratio measurement for a particular use. In other words 
the result may be used to check the suitability of a par- 
ticle sample for, or to control blending of different mate- 
rials to achieve a suitable sample for, use in a particular 
process. 

The measurement method has proved particularly 
useful when applied to kaolin particles and at present 
the preferred method of orienting the particles is to apply 
a shear field to the particles by providing flow In the sus- 
pension used for the conductivity measurement. The 
shear may be transverse or longitudinal to the direction 
of flow. Ceasing flow of the suspension causes the par- 
ticles to settle under Brownian motion into a random ori- 
entation after a period of time and the second conduc- 
tivity measurement is taken after the lapse of such a pe- 
riod of time following the cessation of flow. Fields other 
than flow shear fields can be applied to the particles In 
suspension to effect their orientatton. For example elec- 
tric or magnetic fields or an acoustic shear field may be 
used. 

For a better understanding of the present invention 
and the way in which it may be carried into effect refer- 
ence will now be made, by way of example, to the ac- 
companying drawings in which: 



Figure 1 shows apparatus for use in the method of 
determining aspect ratio according to the invention; 
Figure 2 shows a curve for calculated values of 
change in conductivity between flowing and non 
s flowing particle suspensions with differing particle 
aspect ratios; 

Figure 3 shows measured values of percentage 
change in conductivity between flowing and non- 
flowing particle suspension for different particle as- 

10 pect ratios; 

Figure 4 is a diagrammatk: representation of a par- 
ticle and Its equivalent surface conductance. 
Figure 5 shows a platelet-like particle; 
Figure 6 shows a curve representing change in sus- 

is pension conductivity for differing mixtures of kaolin 
and ground marble; 

Figure 7 shows a curve representing change in sus- 
pension conductivity for change in concentration of 
solids in an aqueous suspension; and 
20 Figure 8 shows a curve representing the correlation 
between aspect ratio measured using the appara- 
tus of Figure 1 and aspect ratio determined using a 
scanning electron microscope. 

25 Figure 1 shows In diagrammatic form an apparatus 
for measuring the conductivity of a suspension under 
flowing and non-flowing conditions in a tube. The appa- 
ratus comprises a reservoir 1 of particles in suspension. 
A peristaltic pump 2 is connected by an input pipe 3 to 

30 the reservoir and by an output pipe 4 to a conductivity 
measuring section, formed by two carbon electrodes 5 
and 6, each having a bore therethrough, and a non-con- 
ductive tube 7 Interconnecting the bores in the two elec- 
trodes. The pipe 4 is tightly fitted into the opposite end 

35 of the bore of carbon electrode 5 from the pipe 7, with 
a gap being left between the ends of the pipes 4 and 7. 
Similarly an output pipe 8 for the suspension is a tight 
fit in the opposite end of the bore of electrode 6 from the 
pipe 7 and, again, the ends of pipes 7 and 8 are spaced 

40 apart inside the bore in the electrode. 

An electrical connection is made from each carbon 
electrode 5 and 6 to a conductivity meter 9 which in turn 
feeds an output to a chart recorder 10. 

In operation the suspension in the reservoir 1 is kept 

45 in a regularly stirred state with sufficient deflocculant 
added to ensure that the suspension is completely de- 
flocculated. The peristaltic pump is used to pump sus- 
pension from the reservoir 1 through the measuring sec- 
tion of the apparatus comprising the electrodes 5 and 6 

so and non-conductive tube 7. Using the conductivity meter 
9 the conductivity of the suspension in the tube is meas- 
ured and the result recorded on the chart recorder 10. 
Conductivity measurements of the suspension in the 
tube are taken with the pump operating and with the 

55 pump off. The measurement of conductivity in the ab- 
sence of flow is taken a sufficient time after cessation of 
flow to allow for the particles to settle and assume by 
Brownian motion a random orientation in the suspen- 
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Whilst the invention is not dependent upon the ac- 
curacy or otherwise of the theory now to be advanced it 
is believed that the following theoretical derivation for 
the non-flowing and flowing suspension conductivity in- s 
dicate how the difference in these conductivities is a 
measure of the average aspect ratio of the particles in 
suspension. 

In 1924 H. Fricke (Phys. Rev. 214 PP575-587, 
1 924) provided a theoretical derivation of the conductiv- io 
ity of randomly oriented ellipsoidal particles in suspen- 
siai, as set out below. 

If the particles in a suspension are modelled as ob- 
late spheroids in random orientation, then the specific 
conductivity per unit volume of the suspension (Kr) can 
be expressed as: 

u -vc 3-P(3-2(K2/K,).A) 
'^R-'^i 3-p(3-2A) 



flowing suspension of dispersed particles will be orient- 
ed with the particles having their minor axis of revolution 
(a) perpendicular to the conductivity measuring electric 
field and in this geometry the conductivity of the suspen- 
sion of oriented particles (K,,) is given by: 

1-p(1-2(Kg/K,).B) 
^ = •^1 1-p(1-2B) 



2 + M{K2/K^-1) 

with M having the value given above in E3. 

Thus the fractional change in specific conductivNy 
on stopping the flow is given by 



K, is the conductivity of the fluid phase 

Kg is the conductivity of the particles 

p is the fractional volume occupied by the particles 



~ 2 + 2(1 - M).(K^IK^ -1)2 + M.CKg/K, - 1 ) 



where M is a function of the particle shape. 

In the case of oblate spheroids, which form the mod- 
el of clay particles, M is given by: 



sin ^ 



with 2a = minor ax is (thickness) of the particle 
2b = 2c = major axis (diameter) of the particle. 

AR= aspect raitio 

(Note that the aspect ratio for kaolin partfcles is approx- 
imated by the ratio b/a). 

In the case of non-conducting particles Kg = 0 and 
equations El and E2 are significantly simplified. How- 
ever, as will be discussed below, colloidal particles with 
a surface charge and an associated diffuse double layer 
will have a surface conductivity which will be equivalent 
to a small, finite value for K2. 

For the experimental configuration in Figure 1 , a 



2S and is a function of the shape of the suspended particles 
and the fractkjnal volume they occupy In the suspen- 
skxi. 

Measured values of the change of conductivity A K 
between flow and non-flow for one tested range of fully 

30 deflocculated kaolin particles at 20 wt.% are ptotted in 
Figure 2 as a function of their aspect ratios estimated 
from electron-micrographs. There is a near-linear in- 
crease in A K with aspect ratio. If the particles are as- 
sumed to be non-conducting (i.e. K2 = O) then the mag- 

35 nitude of A K calculated from El and E4 is greater by a 
factor of x3 than the experimental values. However, if a 
small conductivity value is included for the particles in 
the equatkjns, close agreement with experimental val- 
ues is achieved. The graph of Figure 3 illustrates cateu- 

40 lated values for Kg = 0.1 (K^) i.e. with the particle con- 
ductivity being assumed to be a tenth of that of the sus- 
pending electrolyte as discussed below. 

Mineral particles such as kaolin normally can be 
considered to have zero conductivity and mica, for ex- 

45 ample, is used as an electrical insulator. To account for 
an apparent conductivity in suspension we note that the 
suspended kaolin particles have a surface charge which 
produces an associated diffuse, but thin, double layer 
of charge surrounding the particles; this has a higher 

50 ionic concentratbn than the bulk of the suspending liq- 
uid. This thin layer (estimated as 1 00 A thickfor the case 
of a 1 0-3 M electrolyte) will have a higher conductivity 
than the bulk electrolyte and will be equivalent in its ef- 
fect to surface conductivity in the particles. Thus in the 

55 case of spherical particles it has been shown (James 
Clerk Maxwell, "A Treatise on Electricity and Magnet- 
ism" Vol. 1 P. 439 - Dover, New York 1954) that the dis- 
tribution of electric potential around a non-conducting 
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particle with a conducting surface layer is similar to that 
around a simple conducting particle; a similar result for 
oblate spheroids would indicate why the assumption of 
particle conductivity leads to agreement with the meas- 
ured A K values for the suspensions considered. 

The effect of surface conductance can be assessed 
by using the expression for spherical particles with a 
conducting shell given by Maxwell. In Figure 4 there is 
shown a spherical particle of radius a and specific con- 
ductivity Kg surrounded by a conducting shell of thick- 
ness t and specific ccHiductivity Kg. 

If the Interior of the layered particle has zero con- 
ductivity and t « a, then the mean particle conductivity 
is given by: 



For a double-layer in a 10-3 M electrolyte t = 0.01 
(im so that for 1 nm kaolin particles the condition t « a 
is met. The surface conductivity can be written as a = 
tKs and can be obtained, for kaolin, from published ex- 
perimental data. Thus in a suspending fluid with K^ = 51 
X 10"^ (ohm-'' cm-'') kaolin was estimated to have a sur- 
face conductivity a = 0.3 x 1 0-9 (ohm-' ). 

Writing a = t x K3 = lO-s x K3 = 0.3 x lO'^ ohm-'' 

Then K3 = 0.3x 10-3 ohm-i cm-i] 

Hence 



= 6x10 ohm 



We can now obtain a value for the ratio of the effec- 
tive conductivity of the particle to that of the suspending 
fluid as: 



•^1 51x10 

This is in close agreement with the value found nec- 
essary to give agreement between the experimental val- 
ues of A K and the theory of Fricke. 

Thus as can be seen from the above theory and the 
graphical results of Figures 2 and 3 the differences In 
conductance between the oriented particle suspension 
and the randomly oriented particle suspension Is an ac- 
ceptable measure of the average aspect ratio of the par- 
ticles in the suspension. As stated the theory may be 
incorrect or in need of modification to take account of 
the shape and material of the particles being tested. 
However, irrespective of the accuracy or otherwise of 
the theory, the method may give adequate comparative 
measurements of aspect ratio and measuring equip- 
ment can be initially calibrated by using known test sam- 
ples of particles in suspension. 

When using the change in conductivity to compare 



the aspect ratio of particulate material it is necessary to 
use them in aqueous suspensions of known density or 
weight of suspended material per unit volume. The ef- 
fect of varying the particulate solids in suspension on 

5 the percentage change in conductivity is shown in Fig- 
ure 7. It follows closely the trend indicated by the theory 
above. The solid line curve is the least squares polyno- 
mial approximation. The suspension concentration at 
which to operate this method can be chosen between a 

10 lower limit below which the percentage change in con- 
ductivity becomes too small to measure conveniently 
and an upper limit above which the concentration is too 
high for shear forces to generate a fully oriented sus- 
pension. These values will depend upon the particular 

IS nature of the particles in suspension. 

Figure 6 shows a graph relating percentage change 
in conductivity for change in the percentage content of 
kaolin in a kaolin and ground marble mixture of particles 
in a 20% by weight of solids fluid suspension. As can be 

20 seen the percentage of kaolin varies from 0 to 1 00% with 
the ground marble content therefore varying from a 100 
down to 0% in the opposite direction. The ground marble 
particles are nearly spherical particles and the aspect 
ratio is effectively 2 for such particles. Kaolin particles 

25 are platelet-like and therefore the aspect ratio increases 
from the value of about 2 for 0% of kaolin by weight in 
the mixture to the particular average aspect ratio of the 
pure kaolin suspension with 100% kaolin and 0% calci- 
um carbonate. The percentage change in conductivity 

30 varies in direct proportion to the increasing average as- 
pect ratio resulting from the increasing percentage of ka- 
olin in the mixture. Clearly therefore, it would be possi- 
ble to use the method of measuring the percentage 
change in conductivity to control blending of particulate 

35 materials to achieve a desired weight average aspect 
ration. Whilst blending is displayed by the curve showing 
blending of a mixture of spherical ground marble parti- 
cles with platelet-like kaolin particles, the technique can 
obvbusly and very usefully be applied to controlling the 

40 average aspect ratio of blended non-spherical particles 
of the same chemical nature so as to achieve a partic- 
ular weight average aspect ratio of such particles. For 
example, kaolin of different average aspect ratios from 
two different sources could be blended to achieve a de- 

45 sired average aspect ratio for use in paper coating. 

In order to evaluate the accuracy of aspect ratio 
measurements obtained using the apparatus of Figure 
1 , the results obtained with that apparatus were com- 
pared with results obtained on the same samples using 

so an electron microscope. The use of an electron micro- 
scope to determine the aspect ratio of small particles 
with diameters in the region of microns to sub-micron is 
thought to give the most accurate measurement of as- 
pect ratio and thus provides an appropriate basis for 

55 comparison. 

Fractions with a narrow size-range of 5-10|im were 
obtained by gravity sedimentation in water from several 
different kaolin samples. Each fraction was sprayed on- 
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to a freshly prepared cleaved mica surface using a very 
dilute suspension so that the kaolin particles lie face- 
down on the flat mica surface with no overlapping be- 
tween particles. 

A thin layer of gold was then applied to the sample 
by vacuum evaporation from a point source so that the 
gold atoms impinged on the particles at an angle of 30° 
from the normal. This produces a shadow at one edge 
of each particle whose length is proportional to the par- 
ticle thickness. A second coating, this time of carbon, is 
then applied to the samples and they are then examined 
by back scattered electron imaging. The contrast in back 
scattered electron intensity between the gold and non- 
gold coated regions then enables the length of the shad- 
owed region to be measured from the final electron mi- 
crographs. The area of each particle was determined by 
direct observation. 

The comparison of aspect ratios determined by the 
above method and that of the stopped-flow conductivity 
method is illustrated by the data in Figure 8. It can be 
seen that good correlation between the two methods is 
established. 

The method used for orienting the particles in sus- 
pension and thereafter producing randomly oriented 
particles is not significant but the shear field system of 
Figure 1 is very convenient. The other methods of ori- 
entation mentioned earlier can also be used as can oth- 
er methods of and apparatus for conductivity measure- 
ment. 

The described process forms a very simple aspect 
ratio measurement or indication method which is both 
cheap and fast and which is sufficiently accurate for on- 
line production measurement and/or control. 

The term "measurement" is used broadly herein to 
cover not only determination of the partteular value but 
also the obtaining of an indication of the value or com- 
parative value. In process control no external output 
may be given but a signal corresponding to the aspect 
ratio may be utilised directly for closed loop purposes. 

As well as monitoring blending of particle suspen- 
sions to produce a suspension of particles of desired 
weight average aspect ratio, monitoring of mechanically 
treated particles in suspension can be carried out to de- 
termine when the mechanical treatment has produced 
a desired average aspect ratio. 

The specific embodiment described above meas- 
ures conductivity between the same points with particles 
oriented in one direction and then with particles random- 
ly oriented. As mentioned, instead of using random ori- 
entation for the second conductivity measurement, by 
application of a suitable field, the particles could be ori- 
ented in a direction transverse to that of the first meas- 
urement. This may be effected by the application of a 
different type of field or of the same field but in a trans- 
verse direction to that used in the first measurement. In 
the described apparatus it may be convenient to apply 
a magnetic or electric field with no suspension flow to 
cause particles to orientate in a direction transverse to 



that caused by suspension flow. 

Alternatively a single direction of particle orientation 
couW be used with conductivity measurements being 
taken between two pairs of points at direction transverse 
one to the other. 



10 i. A method of obtaining a measure of the average 
aspect ratio of non-spherical particles comprising 
the steps of: 

obtaining a fully-deflocculated suspension of 

IS the particles; 

taking a first conductivity measurement of the 
particle suspension with the particles having 
one form of orientation between points of meas- 
urement of the conductivity; 

so taking a second conductivity measurement of 

the parttole suspension with the particles hav- 
ing a form of orientation, different from said one 
form, between points of measurement of the 
conductivity; and 

ss using the difference in the two conductivity 

measurements as a measure of the average 
aspect ratio of the particles in suspension. 

2. A method according to claim 1 wherein said points 
30 of measurement are the same for each conductivity 
measurement and a field is applied to the particle 
suspensbn to cause it to take said one form of ori- 
entation. 

3S 3. A method according to claim 2 wherein a different 
field in a direction transverse to said field is applied 
to the particle suspension to cause it to take saki 
different form of orientation. 

4. A method according to claim 2 wherein said differ- 
ent form of orientation is random orientation 
achieved by allowing time for sakd particles to settle 
into random orientation under Brownian motion. 

45 5. A method according to claim 1 wherein a field is ap- 
plied to said particle suspension to cause orienta- 
tion of particles in a particular direction and wherein 
sakJ conductivity measurements are taken in two 
different directions relative to said particular direc- 

50 tion of orientation so as to produce said one form 
and said different form of orientation between the 
points of measurement of conductivity 

6. A method of producing a fluid suspension of parti- 
ss cles having a desired average aspect ratio compris- 
ing the steps of: 

producing a first fully deflocculated suspension 
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of particles having an average aspect ratio 
greater than the desired aspect ratio; 
producinga second fully-deflocculated suspen- 
sion of particles having a lower than desired av- 
erage aspect ratio; 

blending a quantity of one of the suspensions 
with the other suspension in successive steps; 
and 

using the method of any of the preceding claims 
to determine the average aspect ratio after 
each blending step, until the determination in- 
dicates that the average aspect ratio corre- 
sponds to the desired average aspect ratio. 

7. A method according to claim 6 wherein a field is ap- 
plied to the suspension as the method of orienting 
the particles in their suspension. 

8. A method according to any of claims 2 to 5 or claim 
7 wherein said field or said different field is a flow 
shear field. 

9. A method according to any of claims 2 to 5 or claim 
7 wherein said field or said different field is an elec- 
tric field. 

1 0. A method according to any of claims 2 to 5 or claim 
7 wherein said field or said different field is a mag- 
netic field. 

11. A method according to any of claims 2 to 5 or claim 
7 wherein said field or said different field is an 
acoustic shear field. 



Patentanspruche 

1. Verfahren zum Ermittein einer GroRe fur das mitt- 
lere Aspektverhaltnis nicht-kugelformiger Teilchen, 
umfassend die Schritte: 

Erhalten einer vollstandlg disperglerten Teil- 
chensuspension; 

Durchfuhren einer ersten Leltfahigkeitsmes- 
sung der Teilchensuspensbn, wobei die Teil- 
chen zwischen den LeitfahigkeitsmeBpunkten 
eine Ausrichtungsart haben; und 
Durchfuhren einer zwerten Leitfahigkeitsmes- 
sung der Teilchensuspension, wobei die Teil- 
chen zwischen den LeitfahigkeitsmeBpunkten 
eine Ausrtehtungsart haben, die unterschied- 
lich von der vorstehenden Ausrichtung ist; und 
Verwenden des Unterschieds zwischen den 
zwei Leitfahigkeltsmessungen als MaS fur das 
mittlere Aspektverhaltnis der Teilchen in der 
Suspension. 

2. Verfahren nach Ansprudi 1 , wdDei die MeBpunkte 
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fur jede Leitfahigkeitsbestimmung gleich sind und 
ein Feld an die Teilchensuspenston angelegt wird, 
damit sie die eine Ausrichtungsart annimmt. 

s 3. Verfahren nach Anspruch 2, wobei ein anderes Feld 
in einer Richtung quer zu dem Feld an die Teitehen- 
suspension angelegt wird, damit sie die andere 
Ausrichtungsart annimmt. 

10 4. Verfahren nach Anspruch 2, wobei die andere Aus- 
richtungsart eine zufallige Ausrichtung ist, die man 
erhalt, indem man den Teilchen Zeit laBt sich durch 
Brownsche Bewegung in einer zufalligen Ausrich- 
tung anzuordnen. 

IS 

5. Verfahren nach Anspruch 1 , wobei ein Feld an die 
Teilchensuspension angelegt wird, damit die Teil- 
chenausrichtungen in eine bestimmte Richtung ge- 
raten und wobei die Leitfahigkeltsmessungen in 
20 zwei unterschiedllche Richtungen erfolgen gegen- 
uber der bestimmten Ausrk:htung, so daB die eine 
und die andere Ausrichtung zwischen den Leitfa- 
higkeitsmeBpunkten erhalten wird. 

ss 6. Verfahren zum Herstellen einer flOssigen Teikjhen- 
suspension mit einem gewunschten mittleren 
Aspektverhaltnis, umfassend die Schritte: 

Herstellen einer ersten vollstandlg dispergier- 
30 ten Teitehensuspension mit einem mittleren 

Aspektverhaltnis groBer ais das gewunschte 
mittlere Aspektverhaltnis; 
Herstellen einer zweiten vollstandlg dispergier- 
ten Teilchensuspension mit einem niedriger als 
3S gewunschten mittleren Aspektverhaltnis; 

schrlttweises Vermlschen einer Menge einer 
der Suspensionen mit der anderen Suspensi- 
on; und 

Verwenden des Verfahrens einer der vorste- 
40 henden Anspruche zum Bestimmen des mittle- 

ren Aspektverhaltnlsses nach jedem Misch- 
schritt, bis die Bestimmungergibt, daB das mitt- 
lere Aspektverhaltnis dem gewunschten mittle- 
ren Aspektverhaltnis entspricht. 

4S 

7. Verfahren nach Anspruch 6, wobei ein Feld an die 
Suspension angelegt wird, als Verfahren zur Aus- 
richtung der Teilchen in der Suspension. 

so 8. Verfahren nach einem der Anspruche 2 bis 5 oder 
7, wobei das eine oder das andere Feld ein Stro- 
mungs-Scherfeld ist. 

9. Verfahren nach einem der Anspruche 2 bis 5 oder 
ss 7, wobei das eine oder das andere Feld ein elektri- 

sches Feld ist. 

10. Verfahren nach einem der AnsprOche 2 bis 5 oder 
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7, wobei das eine oder das andere Feld ein magne- 
tisches Feld ist. 

11. Verfahren nach einem der Anspruche 2 bis 5 Oder 
7, wobei das eine Oder das andere Feld ein akusti- 
sches Scherfeld Ist. 



Revendications 

1 . M6thode pour obtenir une mesure de I'indice de for- 
me moyen de particules non sph6riques compre- 
nant les stapes consistant & : 

obtenir une suspension des particules comple- 
tement defloculee ; 

prendre une premiere mesure de la conductivi- 
ty de la suspension des particules avec les par- 
ticules ayant une forme d'orientation entre les 
points de mesure de la conductivity ; 
prendre une seconde mesure de la conductivity 
de la suspension des particules avec les parti- 
cules ayant une forme d'orientation, diff6rente 
de ladite premiere forme, entre les points de 
mesure de la conductivite ; et 
utiliser la difference entre les deux mesures de 
la conductivity comme mesure de I'indice de 
forme moyen des particules en suspension. 

2. Mythode selon la revendication 1 , dans laquelle les- 
dits points de mesure sont les mSmes pour chaque 
mesure de la conductivity et un champ est appllquy 
a la suspension de particules pour I'inciter h revStir 
une dite forme d'orientation. 

3. Mythode selon la revendication 2, dans laquelle un 
champ drffyrent dans une direction transversale 
audit champ est applique k la suspension de parti- 
cules pour I'inciter k revdtir ladite forme d'orienta- 
tion diffyrente. 

4. Mythode selon la revendication 2, dans laquelle la- 
dite forme d'orientation differente est une orienta- 
tion aiyatoire obtenue en laissant le temps auxdites 
particules de se dyposer selon une orientation aiya- 
toire sous I'effet du mouyement brownien. 

5. Mythode selon la revendication 1 , dans laquelle un 
champ est appllquy k ladite suspension de particu- 
les pour entrafner I'orientation des particules dans 
une direction particuliere et dans laquelle lesdites 
mesures de la conductivite sont prises dans deux 
directions differentes par rapport a ladite direction 
particuliyre d'orientation afin de produire ladite pre- 
miere forme et ladite forme diffyrente d'orientation 
entre les points de mesure de la conductivity. 

6. Mythode pour produire une suspension de particu- 



les ayant un indice de forme moyen souhaite com- 
prenant les etapes consistant a : 

produire une premiere suspensbn de particu- 
5 les completement dyflocuiye ayant un indice de 

forme moyen supyrieur k I'indice de forme 
souhaite ; 

produire une seconde suspensbn de particules 
compiytement dyflocuiye ayant un indice de 
10 forme moyen infyrieur k I'indice de forme 

souhaity ; 

myianger une certaine quantity de I'une des 
suspensions avec I'autre suspension lors d'yta- 
pes successives ; et 

is utiliser la methode selon I'une quelconque des 

revendications precedentes pour determiner 
I'indice de forme moyen apr6s chaque etape de 
melange, jusqu'^ ce que la dytermination indi- 
que que I'indice de forme moyen corresponde 

20 a I'indice de forme moyen souhaity. 

7. Mythode selon la revendication 6, dans laquelle un 
champ est applique a la suspension en tant que my- 
thode d'orientation des particules dans leur suspen- 
ds sion. 

8. Methode selon I'une quelconque des revendica- 
tions 2kSou\a revendication 7, dans laquelle ledit 
champ ou ledit champ diffyrent est un champ de cl- 

30 saillement d'ycoulement. 

9. Mythode selon I'une quelconque des revendica- 
tions 2 a 5 ou la revendication 7, dans laquelle ledit 
champ ou ledit champ different est un champ elec- 

35 trique. 

10. Mythode selon I'une quelconque des revendica- 
tions 2 ^ 5 ou la revendication 7, dans laquelle ledit 
champ ou ledit champ diffyrent est un champ ma- 

40 gnytlque. 

11. Methode selon I'une quelconque des revendica- 
tions 2 a 5 ou la revendication 7, dans laquelle ledit 
champ ou ledit champ diff6rent est un champ de ci- 

4S saillement acoustique. 



so 



ss 
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FIG.2 
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CALCULATED VALUES FOR AK WITH PARTICLE CONDUCTIVITY 




10 



EP 0 528 078 B1 



FIG.6 

THE EFFECT ON K OF BLENDING KAOLIHIOISC SHAPED PARTICLES) 
WITH GROUND MARBLE(NEARLY SPHERICAL PARTICLES) FOR 207. 
WT SUSPENSIONS. 
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FIG. 7 
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